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I,

ABSTRACT

Two sets of corrected monthly wedian MUF (vertical incidence)
predictions arv¢ compared against the monthly median observed ve.tical
incidence sounder values over Bangkok for the period April 1965 th:rough
August 1966. The comparison showed a definite improvement in accuracy
of the corrected predictions relative to the standard predictions and
indicated the desirability of using the same method fcr generating
corrected predictions for 1967. New predictions for 1967 were derived
by adding a correction to the standard predictions obtained from a
method developed by Stanford Research Institute, long-term predictions
can be prepared for several years in advance with this method. The
predictions for 1967, corrected for the Bangkok area, typically vary
between about 3 MHz in the early morning to about 10 MHz in the late

nfternoon.

The predicted MUF's for 1967 average about 1 MHz higher than 1966,
which indicates that the 1967 operating frequencies may be increased by

about 1 MHz withaut increasing the expected communication outage.
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PREFACE

The work des-ribed in this renort has been carried out in Bangkok,
Thailand, by personnel of the Mi:litary Research and Development Center
Electronic Laboratcry (MRDC-EL), as part of Project AGILE, a program of
the U.S. Advanced Research Projects Agency (ARPA). The ARPA supports
MRDC, a joint Thailand/U.S. organization, through its Research and
Development Field Unit, Thailand., The Communication Laboratory of
Stanford Research Institute, in connection with the ARPA Southeast Asia
Communication Research (SEACCRE) program, participates in operating the
MRDC-EL under ARPA Contract DA 36-039 AMC-00040(L). This report is
published under Task B of that contract, "Icnospheric and Frequency

Spectrum Investigations," and uses ionosonde data observed on the C-2
sounder, operated in Bangkok by the MRDC, to evaluate the accuracy of

past predictions and c¢o correct the predictions for 1967,
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I INTRODUCTION

A, BACKGROUND

The attenuation of groundwave radio signals propugated in heavily
forested areas is significantly larger than in nonforested areas, High=
frequency (HF) skywave paths provide an alternotive to groundwave paths,
which can overcome this communication limitation, Skywave propagation
beccmes especially attractive for low-power transceivers operating over
short distances (0-200 km) in forested areas. Therefore, analysis ar’
prediction cf ionospheric behavior are of great impnrtance to the fre-
quency allocator and to the operation of present HF sets as well as the

design of futur: HF transceivers,

Although the use of skywave eliminates the problem of groundwave
attenuation, the variation of the useful skywave frequency range with
time of cday must be considered. The frequency range over which success-
ful communication is anticipated is called the useful frequency spectrum,
It is bounded on the upper end by tre maximum usabl. frequency (MUF) and
on the lower end by lowest usable frequency (LUF). The MUF is usually
determined by the maximum frequency .eflected from the F layer and is
independent of the communication system., The LUF is typically deter-
nined by the noise environment and the rezeived signal strength and is
dependent it the transmitter power, receiver bandwidth, etc., and can

only be specified for a given communication systen,

For short paths (near vertical incidence), the F2 layer critical
frequency is a good measure of the MUS ‘zero range). In order to gather
data for studying the ionospheric radio propagation behavior, including
the development of a correction to the MUF predictions at Bangkok, a
vertical=-incidence sounder was installed at the MRDC Electronics
Laboratory. This sounder has been operating continuously since Sep*ember

*
1963 and monthly ionospheric data reports have been published.!?

%*
References are listed at the end of the report.




B. SUMMARY OF EARLIER WORK

Much work has been done on the problem of predicting the MUF since
the enriy 1940's.®™® The Central Radio Propagation Laboratory (CiPL) of
t'.e National Bureau of Standards (NBS)* and Sivanford Research Institute
{SRI) have developed electronic compiter programs for prediction of
MUF.'°~3 NBS has for many yevars been providing data on MUF based on
the numerical mapping method of W. J. Jones and R, M. Gallei.'” Thig
mapping method allows easy revision of the predictions by recent ioro-
spheric data, and the predictions are issued for about three months 1in
advance; however, predic*ions onr or two years in advance may be computed
if the sunspot number is specified. The SRI electronic computer pre-
diction program, developed for the U.S. Army Radio Propagation Agency
(RPA),13 is very useful for long-term predictions (several years in
advance) since the computer predictions n=vu act be modified by current

ionospheric data, but only by a reasonable estimate cf sunspot number.

In a reccnt study, “ the predictions of F2 critical frequency ob-
tained from two of these prediction methods (NBS and SRI/RPA) for
September 1963 through March 1965 were compared with measured values
obtained at Bangkok. On the nacis of this comparison, an average
ccrrection function was calculated for btoth of the prediction methods,
Th> average correction function was then applied to predictions for
1965 and 1966 ror each prediction method to obtain both predictions for

1965-1966,
C. OBJECTIVES OF PRESENT WORK

All work in this report 1s conceraned with MUF predictions. LUF

ptedicticn is ontside the scope of this report.

*
Now called the "nstitute of Telecommunication: Sciences and Aeronomy
(175A) of the _avironmental science Services Administration (ESSA).



The purposes of this report are as follows:

(1)

(2)

3)

Compare the corrected NBS and SRI/RPA MUF pre-
dicticens derived in Ref., 14 with monthly median
values of the F2 layer critical frequency ob-

served on the vertical incidence sounder to de-

termine the prediction accuracy.

Evaluate the effectiveness of the correction

functicens derived in Ref. 14,

C nerate a new correction function based on 1965-
1966 data and apply it to predictions for 196% to
obtain 1967 predictions fecr the area of Bangko. .
Thailand,
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I1 METHOD OF APPROACH

A, DATA SOURCE

The foF2 monthly median observed values were taken from the monthly

2

published ionospheric data repcrts.?) These median values were calcu-
lated from daily values, which are scaled from hourly vertical-incidence
sounder ionograms. The predicted monthly median foF2 values (MUF zero
range) were taken from Ref. 14 for the corrected nredictions and from
the SRI/RPA electronic computer output' > and the NBS wourld-wide maps?®

for the standard predictions,
B. COMPARISON

To facilitate the comparison of monthly median foF2 data, both the
predicted and observed values were plotted as a function of local time,
A typical comparison plot is given in Fig. 1, showing data for the SRI/
RPA predictions for the month of May 1965. The upper plot shows both
the standard and the corrected predictions and the observed monthly
median vzlues. The obsecved data were taken from the foF2 column of
the median values table of the Mav 1965 Ionospheric Data Report.1 The
corrected prediction data for SRI/RPA was taken from Fig, C-2 in
Appendix C of Ref. 14, while the standard prediction data were taken
from the output of the electronic -omputer program of Ref, 13, The
difference between the predicted snd observed data was calculated and
plotted on the lower graph, giving separate error functions for the
standard and corrected predictions. The same procedure was followed
for each month from April 1965 through December 1965 for the NBS pre-
diction comparison and from April 1965 through August 1966 for the SR1/

RPA prediction comparison.
C. EVALUATION

The evaluation of prediction effectiveniess was performed in three
separate ways: diurnal error function comparison, mean total error

comparison, and error distribution comparison,
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The first technique uses the median and quartile values of the pre-
diction error as a function of local time to compare diurnal error func-
tion. These median and quartile values were calculated, taking into
account the sign ~f the error, from the monthly error functions at two-

hour intervals for the following cases:

(1) SRI/RPA standard predictions over the 17-month pre-
diction period.

(2) SRI/RPA corrected predictions over the 17-month

prediction period,

(3) NBS sta:dard prediction over the 9-month prediction

period.

(4) NBS corrected predictions over the 9-month pre-

diction period.

The median error functions were replotted in pairs of interest as

follows:
(1) SRI/RPA standard and corrected predictions.
(2) NE3 standard and corrected predictions.
(3) SRI/RPA corrected and NBS corrected predictions,

The median values show how close the predicted values fit the
actual observed values as a function of local time over the prediction
period, A positive error corresponds tc a predicted value higher than
the observed value. The quartile values show the error variation as a
function of local time over the predictioi period. The median error
functions were replotted in pairs of interest allowing a direct compari-

son cf each pair (SRI/PPA and NBS) of error curves,

The mean total error comparison technique uses the mean value of
the ma2dian error functions obtaired by summing the median error func-
tion each two nours and dividing by the total number of hours summed.

The sign of the error function value was not considered. The mean values



were tabulated for the above four cases. These fcur numerical values
are the mean total error values for the period covered by the predic-
tion and allow a simple comparison of the four predictions independent

of local time and monthly variation.

Tne error distribution technique measures the percentage of time
that the error is less than a given amount (cumulative error distribu-
tion function). For each error function, positive and negative errors
were tabulated. The percent of time that the error is less than a given
amount is obtained by summing the tabulated number of times the error
function is equal to a given amount and dividing by the total number of
occurrences, These percenrtages were cflculated and plotted for the
same above four cases, and are useful for determining ti.e percentage of
time the predictions are high or low for given allowable error (dif-

ference between predicted and observed values).

The overall evaluation requires that all three above techniques be
considered, since each methcd gives new information. The first tech-
nique allows the important diurnal changes of both the median prediction
error and its variations to be evaluated simultaneously on one plot for
each prediction. The second technique allows comparison of a simple
direct mean total of the error for the four different predictions, in-
dependent of local time, The third technique allows determination of
the percentage of time that the predictions are high or low for a gi.en
allowable amount of error. The first technique gives the most compre-
hensive information, while the second technique gives more specific in-
formation. The third technique also gives considerable informztion;
hcwever no information on diurnal variations is included, making this

technique less comprehensive than the first,
D. CORRECTED PREDICTIONS FOR 1967

The corrected predictions for 1967 were generated for the SRI/RPA
method from the monthly standard predictions and a median correction
function. The andard predictions for e¢ach month during 1967 were
calculated by computer using the program given in Ref, 13. The median

correction function for 1967 was derived trowr the comparison of the




observed and predicted values during the April 1965 through August 1966
prediction period and is identically equal to the standard prediction
median error function for thLat entire period. This function gives the
correction values at each two-hour interval for the 1967 prediction
period. The corrected predictions for 1967 were derived by subtracting

the median correction function from the standard predictions.

L
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III RESULTS

A, COMPARISON

The comparison of the mcenthly median predicted and observed foF2
value at Bangkok as a function of time of day were made. This comparison
and the error function derived from this comperison are shown in two sets

of curves in Appendices A and B, for the SRI/RPA predictions and for the
NBS predictions, respectively.

B. EVALUATION

Tne results of the cffectiveness of the prediction correction are

evaluated by three separate techniques.,

1. Diurnal Error Functicn Compariscn

Figure 2 shows the median and quartile values of the error as
a function of local time for all four predictions. These are derived
from the entire period covered by each prediction, The median error
function values for the four predictions vary from about ~-1.0 to 1.4
MHz with the largest values occurring in the early morning and near mid-
day. The two standard predictions both show a large positive median
error near midday. The SRI/RPA standard predictions alsu show a large
positive median error in the early morning hours. The NBS median
corrected error function averag:>s slightly positive while the SRI/RPA
median corrected error function is generally negative with the NBS

corrected error function the closest to zervo.

The SRI/RPA and the NBS error functions both have the same
quartile ranges for the standard and corrected error function values,
since a constant correction for each two-hour period was added to the
standard predictions to obtain the corrected predictions, In addition,
the SRI/RPA and the NBS quartile ranges are of similar magnitude over
their prediction periods. The maximum value of the quartile range
(about 1 MHz) occurs near midnight for both SRI/RPA and NBS predictions,
while the minimum occurs rear midday for SRI/RPA predictions and just

before sunrise for the NBS predictions.

11
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Figure 3 shows the median errnr as a function of local time

(from Fig. 2) in pairs of interest. The SRI/RPA standard error func-
tion shows several maxima of about +1.0 MHz and several minima near

zero prediction error. In comparison the SRI/RPA corrected error func-
tion shows a single maximum near +0.5 MHz in the early morning, followed
by a decrease to a broad flat minimum continuing from sunrise to mid-
night., The NBS standard error function shows a maximum of +1.5 MHz

near midday. In comparison the NBS corrected error function shows a
broad, flat, essentially consiant value for all hov of the day near
zero prediction error The SRI/RPA corrected error function is negative
except for several hours in the early morning. In comparison, the NBS

corre:ted error is generally ciose to zero,

2. Mean Total Error Comparison §

Table I shows the mean total values (for the period studied)
of the median error function for all four predictions, It is easily
seen from Table I that the SRI/RPA and NBS error were similar before
the corrections were applied and that the NBS error was le:s after the
correction was applied. The SRI/RPA c¢-ror was slightly less after the
correction was applied. The inmprovement averaged 0.50 MHz for the NBS

predictions and 0.13 MHz for the SRI/RPA predictions,

Table 1

MEAN TOTAL PRECICTION ERROR

Predictior. Method | Standard Predictions | Corrected Predictions
SRI/RPA 0.61 MHz 0.48 MHz
NBS 0.63 MHz 0.15 MHz
3. Error Distribution Comparison

Figure 4 shows the percent of time the prediction error was
less than a specified amount (for both positive or negative error).
The SRI/RPA and NBS predictions both had predominantly positive error
before the correction was applied. The SRI/RPA preiicticns have a

slightly positive error after the correction has been applied.

13
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Table II shows the percentage of time the magnitude of the
error was less than 0,25, 0.50, C.75, and 1.0 MHz, The values in Table

II were derived from the data used in Fig. 4.

Table II v

PERCENT OF TIME PREDICTION ERROR IS LESS
THAN 0.25, 0,50, 0.75, AND 1.0 MHz

Ma‘ ritude Standard Prediction Corrected Prediction

i urror |PredictionPositive |Negative [Total |Positive |Negative|Total
(MHz) Method (%) (%) (%) (%) (%) (%)
SRI/RPA 10 4 14 6 17 23

0.25
n3S 17 7 24 29 20 49
SRI/RPA 24 7 31 10 33 43

0.5
NBS 32 10 42 43 30 73
SRI/RPA 39 12 51 15 47 62

0.75
NBS 47 12 59 52 35 87
SRI/RPA 53 18 71 18 59 77

1.0
NBS 60 12 72 57 37 94

Tabl- II illustrates the same general information as Fig. 4.
In addition it shows the percentage of time the error was positive and
negative. An increase in the tntal percentage of time that the error
was less than a specified amount indicates an improvement in the pre-
diction accuracy. For a specified amount, 0.25 MHz, from Table II, the
typical percentage changes from one prediction method to another are

given as follows:

(1) SRI/RPA, standard to corrected prediction

(14 to 23 percent), 9 percent difference

(2) NBS, standard to corrected predictions

(24 to 49 percent), 25 percent difference




TS

(3) SRI/RPA corrected to NBS corrected pre-
dictions (23 to 49 percent), 26 peicent

difference,

These changes follow the same gene:rnl peicentage of change
pattern for the other three specified amounts, 0.5, 0.75, and 1.0 MHz.
The SRI/RPA predictions show a standari-to-corrected prediction im-
provement from 6 to 12 percent, while the NBS predictions shows a
standard-to-corrected prediction improvement from 22 to 31 percent,
The NBS corrected predictions show from 17- to 30-percent improvement

cver the SRI/RPA corrected prediction,
The overall results are:

(1) The NBS predictions were definitely most
accurate when the c 'rrection function was

applied, ana

(2) The SRI/RPA and NBS predictions both
showed prediction improvement when the

correction function was applied.

The three evaluation techniques each verify the above results.
The first technique showed that the NBS predictions were the most
accurate for all times of day when the correction was applied and that
the corrected predictions were more accurate than the standard predic-
tions for all times of day and for both prediction methods. The second
technique shows that the average prediction error is less when the
correction is applied to both the standard predictions with the NBS
predictions showing the greatest improvement, The third techr Jue shows
a definite increase in the percentage of time the prediction error is
less than a specified amount wnen the correction function is applied for
both SRI/RPA and NBS predictions, The NBS prediction shows the greatest

percentage increase indicating the greatest improvement.
C. CORRECTED PREDICTION FOR 1967

The SRI/RPA corrected predictions for the calendar year 1967 are
shown in Figs. 5 through 16. The sunspot numbers (SSN) used for the
prediction are indicated on cach figure,
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These corrected predictions have & minimur in the early morning of

2-4 MHz and a maximum in the aflernoon from 9-11 MHz. The i redictions
averaye from 6~9 MHz near midnight, decrease to the minimum near 0500
local time, then increase rapidly near sunrise to a broad flat maximum
during the daytime and early evening except for a decrease (about 1.0

MHz) ne-:- noontime.
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IS

IV I['"SCUSSION

A. EVALUATION

In order to determine the most effective set of predictions, three
methods of evaluating the error function were considered. These three
techniques are consistent in showing a prediction improvement after the
correction is applied. Also, each of the three techniques gives
information needed to evaluate the predictions. The first technique,
diurnal error function comparison, contains information about both the
diurnal and monthly variation of the four median error functions and
their quartile ranges. The second technique, mean total error compari-
son, contains quantitative information independent of local time and
allows quick comparison of the predicticn schemes. The third tech-
nique, distribution error comparison, contains information about the
percentages of time that the error is less than a specified amount f- -

the four error functions, also independent of 1lc¢ 11 time,

The first technique gave the most information, since it is the only
one that considers the important diurnal variation. The second tech-
nique allows quick comparison of the prediction schemes, but cnly gives
one numerical value for each of the four error functions used in a
qualitative evaluation. The third technique is also useful in that it
is the only technique that gives percentage of time that the error is

less than a specified allowable amount,
B. CORRECTED foF2 PREDICTIONS FOR 1967

In developing the 1267 corrected predictions, a choice was necessary
between continuing both the SRI/RPA and the NBS predictions or limiting
predictions to ounly vne of the prediction methods. The decision was made
to use the SRI/RPA method because the correction method must use the same
basic computer program and method ot obtaining the input data to the
program over both the previous and present prediction period, and this
could not be readily done with the NBS method. The NBS computer program

for the standard predictions has been modified starting with the January
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B

1967 Ionospheric Predictions,*®

Therefore, a correction function based
on comparison of 1965-66 data cannot be applied with confidence to 1967

predictions,

An improvement in the 1967 SRI/RPA predictions obtainred by applying
a correction developed over the previous prediction period, April 1965
through August 1966, is anticipated, comparable, on the average, to the
improvement in the SRI/RPA predictions from April 1965 through August
1966 obtained by applying a correction from September 1963 through March
1965, However, the spread in prediction error (quartile range) is ex-
pected to increuse as the sunspot cycle advances, since the SRi/RPA

computer program cannot account for fluctuations in solar activity.

The SRI/RPA standard predictions increasecd about 1.0 MHz from 1966
to 1967, This prediction i1ncrease is caused by the large sunspot number
increase (this was the only parameter changed in the computer program).
The sunspot numbers used in the SRI/RPA prediction program .aried he-

tween 33 and 74 {or 1966 and )etween 74 and 112 for 1967.

All predictions discussed in this report apply to vertical paths
over Bangkok. Other studies indicate that these predictioins may be
applied--with decreasing accuracy--over near-vertical paths (0-200 km)
in the vicinity of Bangkok. At greater distances, significant correc-
tions may be needed to take into account latitudinal and longitudinal

effects,
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V  CONCLUSIONS AND RECOMMENDATIONS

An important rule when operating a transceiver system via skywave
is to choose the operating frequency near the predicted MUF; hence,
accurate prediction of MUF becomes vital. The MUF frequency comparison
was developed to determine the prediction accuracy and to develop a

correction that car be applied to improve future predictions,

The following summarizes the conclusions and recommendations of

this research:

(1) The correction functions derived in Ref. 14, when
applied to the predictions for 1965-1966, showed a
prediection imprevement for both the SRI/RPA and
NBS predictions. The corrected NBS predictions

showed the greatest improvement,

(2) The SRI/RPA standard predictions for 1967 indicate
an average increase of 1,0 MHz over the 1966

predictions.

(3) The SRI/RPA corrected precictio» ° 1t ,7 indi-
cate that an operating frequency up to 8,0 MHz
can be used during the daytime and an operating
“~equency down to 3.0 MHz can be used during the
nighttime for near-vertical paths (0-200 km) in

the vicini‘, of Bangkok.

(4) It is recommended that the 1967 predictions be
evaluated by comparison with foF2 values observed
on the vertical-incidence sounder at Bangkok.

It is further recommended that, if the 1967 pre-
diction results of the evaluation show an improve-
ment due to the correction application, then the
SRI/RPA corrected predictions for 1968 should be
generated using a new correction derived from the

1967 comparison,
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(5)

(6)

It 1s recommended that the new standard NBS
numerical mapping predictions for 1967 be compared
with the Bangkok cbserved values to derive a new
correction function that can be applied to the NBS

standard predictions for 1968.

It is also recommended that a study be performed

to determine if a correction function derived over
a shorter period of time can be applied to future
stanaard predictions with a prediction improvement,
(The use of a correction function derived over a
shorter period of time may be able to take into
account possible solar cycle variations of the
correction function,) The new standard NBS numeri-
cal mapping predictions for both the first month in
1967, the first three months, the first six months,
and the first twelve months in 1967 should be com-
pared witu the Bangkok observed values to derive a
correction function that can be applied to the

following months of standard predictions.
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SRI/RPA PREDICTION EFFECTIVENESS
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Appendix A

SRI/RPA PREDICTION EFFECTIVENESS

Comparison is made of both standard and corrected SRI/RPA MUF pre-
dictions, with vertical incidence ionosonde observations at Bangkok for
the period April 1965 through August 1966. These monthly median data
are presented chronologically in Figs. A-1 through A-17. The three
curves in the upper part of each figure show standard and corrected MUF
predictions and observed foF2; the two curves in the lower part of each
figure show the prediction error before and after the correciion was

made.
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Appendix B

NBS PREDICTION EFFECTIVENESS
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Appendix B

NBS PREDICTION EFFECTIVENESS

Comparison is made of both standard and corrected NBS MUF predic-
vions with vertical incidence ionosonde observations at Sangkok for the
period April 1965 through December 1965. These monthly median data are
presented chronologically in Figs. B-1 through B-9. The three curves
in the upper part: of each figure show standard and corrected NBS pre-
dictions and observed foF2; the two lower curves show the prediction

error before and after the correction was made.

57



MHz

FREQUENCY

PREDICTION ERROR

N8BS PREDICTIONS -
SSN:=16

e MEDIAN foF2 OBSERVED

2b o0 STANDARD PRED'CTION |
O==wmaag CORRECTED PREDICTION

1= .

0 1 I 1 1 { { 1 ] ) 1 | }

00 04 08 12 16 20 24

3 T T T T T T T T 1 . ]

2r -

| 1 1 1 | | L 1 | 1 1 |
00 04 (0} :] 12 16 20 24
LOCAL TIME ————hours OB -4240-193%

FIG. B-1 COMPARISON CF OBSERVED AND NBS-PREDICTED
MONTHLY MEDIAN foF2 FOR APRIL 1965



MHz

FREQUENCY

MHz

PREDICTION ERROR

T ! ] ! | i 1 T T T 1
NBS PREDICTIONS m
SSN =15

o9 MEDIAN foF2 CSSERVED

ol 0———0 STANDARD PREDICTION ]
O=ee—~=0 CORRECTED PREDICTION

' - -

4 L 1 [ SR | | L | ] L

00 04 08 12 16 20 24

3 T T T T T T T T T T ]

2 _

le)

il
T

1
N

Aﬁ::::__“o\

1 |

1

|

o
o

04

08

12

LOCAL TIME

16
hours

4

DB-3240 - 1940

FiG. B-2 COMPARISON OF OBSERVED AND NBS-PREDICTED
MONTHLY MEDIAN foF2 FOR wAY 1965

59



Lo S ST

Sl 2 R ST N e S S A R N N A5

.

FREQUENCY

PREDICT'NN ERROR —————w-—— MHz

12 | Y T T r j T T T T
1] o NBS PRFEDICTIONS =
SGN =17
104~ -
9 -

O—o—® MEDIAN foF2 OBSERVED
O———0 STANDARD FREDICTION -
O==me=g CORRECTED PREDICTION

o | | | | 1 1 1 1 | |
00 04 08 12 16 20 24
k3
= | I | | I 1 1 I 1 I 1
2t -
\
!’ N
- A\
of~o——" """ o 73
/ %hs ‘o/
\o/ ‘0—--0--_°,f
-l —
-2 | | | 1 | | | l | 1 1
00 04 o8 12 16 20 24
LOCAL TIME ———hours D" -4240- 198N

FIG. 3-3 COMPARISON OF OBSERVED A!'D NBS-PRECICTED
MONTHLY MEDIAN foF2 FOR JUNE 1965

50

-




MHz

FREQUENCY

MHz

PREDICTION ERROR

- NBS PREDICTIONS ]
SSN=2I

o——¢ MEDIAN faF2 OBSERVED
2k 0——o STANDARD PREDICTION _
O==e0 CORRECTED PREDICTION

o
=
=
-
-
,
-
-
=]
-
e

2
00 04 08 12 16 20 24 2
LOCAL TIME ——————hours 0B-4240 - 1968

FIG. B-4 COMPARISON OF OBSERVEL AND NBS-PREDICTED
MONTHLY MEDIAN foF2 FOR JULY 1965

61

iR




i id

[

LS
TR —————

MMz

FREQUENCY

MHz

PREDICTION ERROR

R

VT
PN Sl R

-

o 5 ? Ly e
PR
¥y ]#1;’ X

I LI 1 H

-

NBS PREDICTIONS
SSN=29

&= MEDIAN foF2 OBSERVED

2 o0———o0 STANDARD FREJICTION —
Qeees=Q CORRECTED PREDICTION

] o .

c 1 1 L | 1 1 1 1 1 1 1

00 04 (o] ] 12 16 20 c4

:

= T I |} 1 T 1 T T T T

2 —

24

-1} .
-2 i | 1 | 1 l | 1 | 1 | |
co 04 o8 12 16 20
LOCAL TIME -—~~————hours 09-4240 - 1978

FIG. B-5 COMPARISON OF OBSERVED AND NBS-PREDICTED
MONTHLY MEDIAN foF2 FOR AUGUST 1965

62

~ar .

L T : -
e S, - ey

>
1{‘?' R0 R T




1= NBS PREDICTIONS -
SSN =22

MHz

FREQUENCY

o——e MEDIAN foF2 OBSERVED

2k O0———0 STANDARD °REDICTION -
: OmesemO CORRECTED PREDICTION

p—
-
f—
f—
-
-
-

0
i 00 04 08 12 6 20 24
T 3
s 1 1 1 1 1 | 1 1 | | T
2— —
|} |
g | O—
Y
o} fr‘k N
”
z 4 No .
=
0
S _, ] ] | | 1 R | | L 1
& 00 04 o8 12 16 20 24

LOCAL TIME ——————hours D8-4240 - 1900

FIG. 8-6 COMPARISON OF OBSERVED AND NBS-PREDICTED
MONTHLY MEDIAN foF2 FOR SEPTEMBER 1965




NBS PREDICTIONS
SSN=22

FREQUENCY

O MEDIAN fof2 GBSERVED

FIG. B-7 COMPARISON OF OBSERVED AND NBS-PREDICTED
MONTHLY MEDIAN foF2 FOR OCTOBER 1965

6

zr_ O0———o0 STANDARD FREDRICTON _
Omeeend CORRECTED PREDICTION
I = -
o 1 | 1 | L 1 | 1 ] 1 1
00 04 (o]} 12 16 20 24
r 3
§ 1] 1 I I 1 1 I i R 1 1
i
! 2r /H. =
/
I+ —_— -
///o °-~§°‘\
@
. // oo~
2 N
o - N~ 7
- ~/
o
8 -2 | . 1 | 1 1 | | 1 H |
a 00 o4 08 12 16 20 24
. LOCAL TIME hours 0B 2240 - 1990




MHz

FREQUENCY

MHz

PREDICTION ERROR

—~ MBS PREDICTIONS
SSN =26

@@ MEDIAN foF2 OBSERVED
o————o0 STANDARD PREDICTION -
Ommem==0 CORRECTED PREDICTION

o
o

[

] - =

-2 | 1 | 1 | 1 | 1 1 1 1
00 04 o8 12 16 20 24
LOCAL TIME ———————hours DO- 4240 - 200R

FIG.

B-. COMPARISOM OF OBSERVED ANL NBS~PREDICTED
MONTHLY MECIAN foF? FOR NOVEMBER 1965

R e G R

Rl e

T R

W




R

FREQUENCY

PREDICTION ERROR

ul

T T T 1 T T T T T T T
NBS PREDICTIONS .
SSN=29

@@ MEDIAN foF2 OBSERVED

2 O0———0 STANDARD PREDICTION -
O= =« CORRECTED PREDICTION

I+ ]

0 1 1 | 1 1 1 i 1 | | 1

00 (oL o8 12 16 20 24

-2 | 1 1 1 | | | | | 1 1
00 c4 o8 12 16 20 24
LOCAL TIME ————hours 09 -4240 - 201N

FIG. B-9 COMPARISON OF OBSERVED AN[ NBS-PREDICTED
MONTHLY MEDIAN foF2 FOR DFCEMBER 1965

66




AT Aok

10.

11,

REFERENCES

Vichai T. Nimit, "lorospheric Data: Bangkok, Thailand,’ Ionospheric
Data Reports, SRI Pruject 4243, Contract DA 36-039 AMC-00040(E),
Order No. 5384-PM-63-91, 3tanford Research Institute, Menlo Park,
California (September 1963 through September 1963).

Termpoon Kovattana, "lonospheric Data Report," Military Research
and Development Center, Bangkok, Thailand (October 1963 through
August 1966).

E. V. Appleton and W. J. G. Beynon, "The Application of Ionospheric
Data to Radio Communication Problems," Part I, Proc. Phys. Soc.
(London) Vol, 52, pp. 518-533 (1940); Part II, Proc. Phys. Soc.
(London) Vol. 59, pp. 38-76 (i947).

K. Rawer, "Intercomparison of Different Calculation Methods of
Sky-Wave Field-Strength,” in Electromagnetic Wave Propagation,
Desirant and Michiels, eds. (Academic Press, New York, 1960).

W. R. Piggot, "The Calculation of the Median Sky Wave Field
Sirength in Tropical Regions,” DSIR Radio Research Special Report
No. 27 (Her Majesty's Stationery Office; London, 1959),

P. 0. Laitinen and G. W. Haydon, "Analysis and Prediction of Sky-
Wave Field Intensities in the High Frequency Band,” Technical
Report No. 9, U.S. Army Signal Corps Radio Propagation Agency,
Fort Monmouth, New Jersey (third printing March 1956).

"Calculation of Sky-Wave Field Intensities, Maximum Usable
Frequencies, and Lowest Useful High Frequencies,” Technical Report
No. 6, U.S. Army Signal Corps Radio Propagation Agency, Fort
Monmouth, New Jersey (revised June 1949, third printing January
1962),

"lonospheric Predictions’ (menthly circular), Radio Research
Committee, Council of Scientific and Industrial Research, New
Delhi, India,

"Ionospheric Data in Japan,” The Radio Research Laboratories,
Ministry of Posts and Telecommunications, Kokubunji, Tokyo, Japan,

W. B. Jones and R. M. Gallet, "Methods for Applying Numerical
Maps of Ionospheric Characteristics,” J. Res. NBS, Vol. 66D,
p. 649 (1962).

Handbuok of CRPL Ionospheric Predictions, Handbook 90 (U.S.
Department of Commerce, Naticnal Bureau of Standards),

67




12,

13,

14,

15,

16,

K. Davies, "Prediction of Ionospheric Characteristics at CRPL fcr
Sky-Wave Radio Propagation at High Frequenci:s," Telecommunication

J. (December 1964).

E. A. Clarke, "IBM 704 Program to Determine the Maximum Usable
¥requency (MUF) and the Lowest Useful High Frequency (LUF) for HF
Radio Propagation," Technical Report 1, Contrict DA 36-039
S5C-66381, SRI Project 2124, Stanford Research Institute, Menlo
Park, California (March 1959).

C. L. Rufenach and G. H. Hagn, "Comparison of C-2 Sounder Data
with Frequency Predictions for Short-Range Communication with
Manpack Transceivers in Thailand,"” Speciul Technical Report 15,
Contract DA 36-039 AMC-00040(E), SRI Project 4240, Stanford
Research Institute, Menlo Fark, California (August 1966).

Ionospheric Predictions, U.S. Department of Commerce, Institute

for Telecommunication Sciences and Aeronomy, Environmental Science
Services Administration (formerly Central Radio Propagation
Laboratory, National Bureau of Standards), Boulder, Colorado
(published monthly),

W. B. Jones, R. P. Graham, and M. Leftin, "Advances in Icnospheric
Mapping by Numerical Methcds," NBS Technical Note 337, Institute
for Telecommunication Sciences and Aeronomy, Environmental Science
Services Administration, Boulder, Colorado (12 May 1966).

68



UNCLASSIFIED

Secunty Classification

DOCUMENT CONTROL DATA-R&D

Security classifrcation oy title, body of absteact and sndexing annotation miet be eotered when the overall eeport o8l syhred)

1 ONIGINATING ACTIVITY (Uarparate author) Ja, HE L OReY S Sty CLA Ltk e sl ol
Stanford R.search Institu UNCLASSIFIED
Menlo Park, California 91025 A Gl N/A

3 REPORT TITLE

EVALUATION AND PREDICTION OF MAXIMUM USABLE FREQUENCY (MUF) OVER BANGKOK

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)

Special Technical Report 28

¢ AUTHOR!S! (First name, middie initial, last name)

Clifford L. Rufenach

6 REPORT DATE I7u. TO AL NO O PAGFS 7h r10 OF REFS
January 1967 86 16
8. CONTRACT OR GRANT NO. Ja. ORIGINATOR'S REFPON Y NUMBE R(S)

DA 36-039 AMC-00040(E)

bh. PROJECT NO.

Order No., 5384-PM-63-91

SRI Project 4240
STR 28

c. 0. OTHER REPORT NOI(S) (Any other numhers thatl may "o wssigned

this repoit)
ARPA Order No. 371

10. DISTRIBUYION STATEMENT

Distribution of this document is unlimited.

1. SUPPLEMENTARY NOTES llz SPONSORING MILITARY AZTIVITY

Advanced Research Projects Agency
washington, D.C.

e
13 ABSTRACT

Two sets of corrected monthly median MUF (vertical incidence) predictions are con-
pared against the monthly median observed vertical incidence sounder values over
Ban_ %ok for the period April 1965 through August 1966. The comparison showed the
definite imprcvement in accuracy tl:at is the primary requirement for new corrected
predictions for 1967. New predictions for 1967 were derived by adding a correction
to value:z obtained from a method developed by Stanford Research Institute, long-
term predictions can be prepared for several years in advance with this method.

The predictions for 1967, corrected for the Bangkok area, typically vary between
about 3 MHz in the early morning to about 10 MHz in the late afternoon.

The predicted MUF's for 1967 average about 1 MHz higher than 1966, which means
that the 1967 operating frequencies may be increased by about 1 MHz without in-
creasing the expected comm:'nication outage.

FORM .
DD 21473 (race 1) UNCLASSIFIED
S/N 0101.807.6801 Security Ciassification




UNCLASSIFIED

Security Classification

‘4. [GY COnEN LINK A LINK B LINR C
ROLE wT ROLE wT KOLE wT

Radio propagation
Predictions
Maximum usable frequency (MUF)

I F2 layer
Critical frequency

L Electronic computers
Statistical evaluation
SEACORE

T ro

EEE,;;,':' w1473 (eacx) UNCLASSIFIED

Security Classification




